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The prevalence of cardiovascular implantable electronic devices as life-prolonging
and life-saving devices has evolved from a treatment of last resort to a first-line
therapy for an increasing number of patients. As these devices become more and
more popular in the general population, dental providers utilizing instruments and
medications should be aware of dental equipment and medications that may affect
these devices and understand the management of patients with these devices. This
review article will discuss the various types and indications for pacemakers and
implantable cardioverter-defibrillators, common drugs and instruments affecting
these devices, and management of patients with these devices implanted for cardiac
dysrhythmias.
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Recent statistics point to an increasing number of
patients in North America with cardiovascular

implantable electronic devices (CIEDs), which include
implantable cardiac pacemakers, implanted cardioverter-
defibrillators (ICDs), cardiac resynchronization devices,
and implantable cardiac monitors. In 2012, it was
estimated that at least 3 million patients have these
devices implanted and more than 250,000 new devices
are implanted each year.1

Of major concern to the dentist practitioner is the
possibility of electromagnetic interference (EMI) and
electromagnetic disturbance from electrosurgery/elec-
trocautery devices, apex locators, lasers, electric hand-
pieces, radiation, and other electronic sources.
Additionally, vasoactive drugs, such as epinephrine-
containing local anesthetics and other sympathomimet-

ics that may be administered during anesthetic manage-
ment, may have significant effects upon patients who
suffer from tachyarrhythmias. Several guidelines have
already been promulgated for surgeons and anesthesia
providers in the medical field, and parallel treatment
decisions can also be considered for dental/oral surgeons
after substantive review of the literature.

With the increasing prevalence of such patients
seeking dental, oral, and maxillofacial procedures, an
in-depth review of the available evidence and current
guidelines may assist the dental practitioner in delivering
optimal and safe care to patients presenting with various
CIEDs.

PACEMAKERS

Indications and Function of Pacemakers

Pacemakers are generally indicated for patients suffering
from symptomatic bradycardias to help initiate cardiac
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depolarization when native pacemakers are not provid-
ing for an adequate number of cardiac contractions.
Pacers are implanted in patients with sick sinus
syndrome, tachycardia-bradycardia syndrome, atrial fi-
brillation with sinus node dysfunction, third-degree
atrioventricular block, chronotropic incompetence, pro-
longed QT syndrome, and cardiac resynchronization
therapy with biventricular pacing (Figure 1).
A universally adopted classification system developed

by the North American Society of Pacing and Electro-
physiology (NASPE) Group and the British Pacing and
Electrophysiology (BPE) Group use a 5-position letter
arrangement to describe pacemaker function. This
NASPE/BPE Generic (NBG) code is described in the
Table. The first 3 positions describe (a) the chamber
location paced, (b) the sensing location of the leads, and
(c) the response to those lead inputs. The fourth position
describes the programmability of the unit to respond to
the sensed rate, and the last position describes the
pacer’s response to controlling tachycardias. It is
important to note that the fifth position describes not
only pacing, but also the delivery of shocks for life-
threatening tachyarrhythmias.2

Pacemaker Terminology

As depicted in the Table, a patient with complete third-
degree block with normal SA function may have a
‘‘VAT’’ pacemaker implanted to restore normal, syn-
chronous atrioventricular function such that a ventricular
depolarization follows an atrial depolarization. A pacer
programmed in VAT mode will sense an atrial (A) beat
and thus trigger (T) a ventricular (V) depolarization. DDD
programming is described as the most sophisticated, yet
it is the most commonly employed mode in implantable
pacers. Both atria and ventricles are sensed, triggered, or
inhibited and the pacer becomes the primary method of
regulating cardiac electrical function. The rather recent
simplification of the fourth and fifth positions now gives
the CIED team information only on the presence of rate
modulation and location, if any, of multisite (more than 1
lead in a single chamber) pacing.

Pacemaker devices are comprised of 2 main parts: the
main pulse generator and the insulated wire cardiac
leads. Various configurations exist from single lead to
dual leads, and combinations of paced cardiac chambers
vary. Generally, in a single-lead pacemaker, either the
ventricle or atrium can be paced. Dual-chamber pacers
stimulate depolarization in the atrium and a single
ventricle. When signals to 2 ventricles (biventricular
pacers) are sent, these devices are termed multiple-
chamber pacers. Biventricular pacing is also referred to
as cardiac resynchronization therapy. In many cases, the
right atrium and/or ventricle is paced and leads can both
inhibit and initiate chamber depolarization to establish
atrioventricular synchrony.

To externally control the function of pacemakers,
most units employ a magnetic reed valve that is
controlled by an externally placed magnet. Generally,
these devices are implanted in the region of the left
pectoralis muscle, either subpectorally or subcutaneous-
ly. Once the pacemaker is ‘‘closed’’ by placing a magnet
in close proximity to the pulse generator, it begins to
pace asynchronously despite the patient’s underlying
cardiac rhythm. To evaluate the function of a pacemak-
er, evaluation of a continuous electrocardiogram (ECG) is
generally advised in consultation with a cardiologist and
electrophysiologist. Additionally, many pacemakers have
the capability to be ‘‘interrogated’’ as to their function
and frequency of events with proprietary software
specific to the manufacturer of the device.

Generally, the lithium-ion batteries in contemporary
pacemakers have a working life of approximately 10
years. Function and sensing abilities may begin to
degrade over a gradual period of time rather than there
being an abrupt cessation of pacing. However, EMI
coupled with low battery states can lead to problems in
both sensing and pacing modes.3 Classically, to circum-
vent the rhythm disturbances that electrocautery or
electrosurgery may induce in these devices, practitioners
will often place a magnet near the pacemaker to enable
asynchronous pacing (pacing without sensing the intrin-
sic rhythm of the patient). The resultant asynchronous
rate varies from 85 to 100 bpm, and more importantly,
the antitachycardia sensing mode of the unit can also be
disabled, leaving the patient susceptible to harmful
tachyarrhythmias.3 In one study, problems were encoun-
tered in restoring the magnet-activated asynchronous
pacer back to original programming.4

Oversensing, or the inhibition of implanted pacemaker
activity by signals not normally detected, is the most
common problem associated with pacemaker malfunc-
tion. The inhibition of the pacer signal generally leads to
a ‘‘failure to pace’’ condition that often results in
symptomatic bradycardias. Vigorous movement in the
pectoralis and rectus abdominis muscle groups often lead

Figure 1. Paced rhythm with pacer ‘‘spike.’’
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to oversensing problems and usual treatment consists of
reverting back to an asynchronous mode with magnet
activation.5

Conversely, pacemaker-induced tachycardia, or end-
less-loop and pacemaker-reentrant tachycardia, can be
triggered by a premature atrial or ventricular contraction
in dual-chamber (atrium and ventricle) sensing pacemak-
ers. Retrograde conduction into the atria allows for
continued ventricular contraction. Tachycardia can
ensue in a manner much like circus reentry rhythms
seen in conditions such as Wolff-Parkinson-White
syndrome. The use of cardiostimulatory drugs—eg,
epinephrine, atropine, or isoproterenol—can also trigger
pacemaker-induced tachycardia. Safeguards against run-
away rate are built into many pacers with upper-limit rate
programming. The traditional antitachyarrhythmic
agent, adenosine, can also be considered to terminate
endless-loop conditions, as well as returning to an
asynchronous pacing condition with a magnet placed
over the pacemaker.6

Myocardial infarction occurring in patients with a
pacemaker can be difficult to detect because of the
abnormal morphology already present on ECG tracings.
The typical pacemaker-implanted patient presenting
with acute myocardial infarction would be an older male
with diabetes mellitus, previous myocardial infarction,
and/or congestive heart failure. Similar to patients
presenting with preexisting left bundle branch block,
pacemaker-influenced rhythms may obscure ST-segment
elevation myocardial infarction (Figure 2).7

IMPLANTABLE CARDIOVERTER-
DEFIBRILLATORS

ICDs are generally indicated for patients with unstable or
potentially fatal tachyarrhythmias. Similar to external
defibrillators, ICDs have the ability to continuously
monitor and analyze heart rhythms for ventricular
fibrillation (VF) or ventricular tachycardia (VT) and deliver
a shock intrathoracically. Contemporary ICDs not only

provide defibrillation (up to 30–39 J) but may also
provide cardioversion and antitachycardia pacing.8

ICD placement is indicated for patients who may have
suffered previous cardiac arrest due to VF or hemody-
namically unstable VTs. Additionally, prophylactic im-
plantation of an ICD is indicated based on a variety of
factors such as structural malformations leading to
sustained VT, medication- or substance abuse–induced
VT or VF, low left ventricular ejection fraction due to
prior infarction, long QT syndrome, impending cardiac
transplantation, catecholaminergic tachyarrhythmias
while on beta-blocker therapy, Brugada syndrome,
cardiac sarcoidosis, giant cell myocarditis, or Chagas
disease.9

ICD components are similar to those of pacers, with a
pulse generator and wire leads that continuously monitor
and analyze cardiac rhythm, but they deliver defibrilla-
tion/cardioversion shocks. Most of these devices are
implanted under local anesthesia in combination with
sedation in the subpectoral or subcutaneous region of the
chest. ICD units are programmable with a high degree of
specificity in distinguishing fatal arrhythmias from
potentially stable tachyarrhythmias.4 Additionally, ICDs

Pacemaker Terminology: North American Society of Pacing and the British Pacing and Electrophysiology Group*

Position 1 Position 2 Position 3 Position 4 Position 5

Cardiac chamber
being paced

Cardiac chamber
sensed

Device response to
sensed event

Programmability and
rate response

Antitachycardia
function

V ¼ ventricle V ¼ ventricle I ¼ Inhibited O ¼ not programmable O ¼ none
A ¼ atrium A ¼ atrium T ¼ triggered or tracking P ¼ Simple programming P ¼ pacing
D ¼ dual D ¼ dual D ¼ dual M ¼ multiprogrammable S ¼ shock
O ¼ no pacing O ¼ no sensing O ¼ no response C ¼ communicating

(M and telemetry)
D ¼ dual
(shock and pacing)

R ¼ rate responsive

* From: McMullan J, Valento M, Attari M, Venkat A.13 Care of the pacemaker/implantable cardioverter defibrillator patient in the
ED. Am J Emerg Med. 2007;25:812–822.

Figure 2. Medtronic MRI-compitable pacemaker.
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respond not only to rhythm analysis, but also to
prolonged or sustained high cardiac rates that fulfill
defibrillation criteria (Figure 3).10

When an ICD detects sustained periods of VT or VF,
the device charges capacitors and discharges via the
right ventricular lead to the device itself (‘‘hot can’’—
where the generation unit is a conductor) or to other
leads. Analysis recurs and persistent arrhythmias are
treated repeatedly with shocks. In perfusing tachycar-
dias, low-energy cardioversion shocks (0.1–5 J) syn-
chronized to the R waves of the ECG are provided.
Events are recorded within the device and can be
recalled through device interrogation. Interrogation in
newer models of ICDs often involve a wireless
connection device placed in very close proximity to
the generator to determine device manufacturer,
model, settings, recorded cardiac events, battery
condition, and lead status. The use of a magnet, unlike
that in pacemakers, will suspend monitoring of VT or
VF so that no shocks will be delivered.11

Of the problems reported with ICDs, lead failure and
dislodgement can occur in 7% of patients, followed by
infection and total lead displacement, both at 3%.12

Patient anxiety from multiple shocks, a form of
posttraumatic stress, can also lead to increased circulat-
ing catecholamines, which may further precipitate
cardioversion or defibrillation. Repeated shocks (3 or
more over a 24-hour period) due to polymorphic or
monomorphic VTs may be termed an ‘‘electrical storm’’
that is associated with high mortality rates.13

PREOPERATIVE EVALUATION

As with any proposed procedure/surgery and anesthet-
ic plan, a detailed and focused physical examination
and medical history must be performed. For those
patients with CIEDs, particular attention should be
placed on obtaining a thorough cardiovascular history
with complete details on historical events and/or
surgical interventions. Activity tolerance should be
documented. Patients can be questioned regarding
perceived shock history when ICDs have been placed.
Current recommendations include device interrogation
within 30 days prior to the procedure by the CIED team
consisting of physicians, nurses, and technicians caring
for the patient. Specific consultation and recommenda-
tion from cardiology and CIED specialists for dental
procedures should be documented thoroughly and
revised when changes to medical history and presenta-
tion occur.
Moderate sedation providers utilizing ECG monitoring

and dentists employing general anesthesia are urged to
obtain a 12-lead ECG along with close consultation of

the CIED team for specific recommendations regarding
the patient’s tolerance for procedures, especially when
prolonged, and administration of potentially vasoactive
medications. Preoperative evaluation includes a baseline
ECG rhythm strip, which can be compared with an
earlier 12-lead ECG to verify proper CIED function. Of
particular note, a 12-lead ECG on a patient with only 1
paced ventricle will display a left bundle branch block.11

A high priority should be placed upon ensuring
optimal function and proper programming of the device
by relating specifics about the surgical course, specific
instrumentation, and anesthetic plan to the CIED
team.14 The American Society of Anesthesiologists
(ASA) and other groups have provided specific recom-
mendations on the use of surgical instruments, imaging
devices, lasers, and dental instruments that are important
considerations in perioperative care. A thorough discus-
sion is warranted with the CIED team in regards to
specific dental instrumentation and imaging that will be
utilized. This will be discussed in the perioperative
section to follow.

It is important to note that the majority of patients with
pacemakers or ICDs generally fall into a higher risk
stratification relative to physical status. It is not uncom-
mon to assign such patients who are pacer or ICD
dependent as an ASA 3 or 4 physical status classifica-
tion. Depending on the nature of the procedure and skill
level of the sedation/anesthesia provider, the patient’s
physical status may simply preclude office-based treat-
ment because of complexity, resources, and recommen-
dations from expert consultation.

In terms of preoperative preparation and emergency
response, the summary from the ASA and the Heart
Rhythm Society recommends ‘‘having a magnet imme-
diately available’’ if no reprogramming is performed to

Figure 3. Typical ICD and right atrial and right ventricular lead
placement.
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revert a CIED to asynchronous or nonsensing modes
should life-threatening tachycardias be detected in the
perioperative period.10 Figure 4 illustrates an example
of the recommended 90-gauss doughnut-shaped mag-
net used for CIED inactivation. Equipment and medi-
cations for urgent cardioversion or defibrillation should
be immediately available in the operatory. It should also
be noted that magnets may not always deactivate the
sensing capabilities of all CIEDs and may, in fact, be
unaffected by magnet application depending on patient-
specific programming or specific manufacturer. Close
consultation with the CIED team may direct practition-
ers to the proper use of magnets in individual situations.

PERIOPERATIVE MANAGEMENT

By far, the major concern and most commonly reported
complication in patients with CIED during surgery and
anesthesia is with EMI. As technology progresses,
advances in both surgical instrumentation and CIED
filtering have marked reduced complications due to
EMI.15

ELECTROSURGERY

Extensive studies investigating the use of monopolar
electrosurgery cautery have demonstrated a low risk of
initiating EMI detrimental to CIEDs. Nevertheless, most
caution that bipolar electrosurgery be used instead of

monopolar devices, and that electrosurgery dispersal
electrode pads (‘‘grounding pads’’) be placed far away
as possible from the CIED. Specific recommendations
exist for each CIED model and manufacturer, and
similarly, relevant information regarding the type of
electrosurgery device must be investigated in the
preoperative phase.

One manufacturer, for example, recommends limita-
tions on using electrosurgery to prevent a defined path of
the electrosurgical tip to the grounding pad from crossing
the CIED.16 Other investigations into monopolar dia-
thermy have recommended decreasing generator power,
limiting duration of electrosurgery, using cut modes,
draping the active electrode to avoid crossing the CIED,
and maximizing the distance from the CIED and active
electrode.17

Hospital-based radiofrequency rhizotomy of the tri-
geminal ganglia in the treatment of trigeminal neuralgia
follows the same protocols stipulated with other forms of
electrosurgery.18 Bursts of thermocoagulation should be
kept to a minimal duration to decrease the likelihood of
EMI.1

Recommendation: Avoid monopolar electrosurgery.
Preferentially employ bipolar electrosurgery and keep
exposure times short to minimize EMI. Place electrode
dispersal pads as far away from CIED as possible.

ELECTRONIC AND PIEZOELECTRIC DENTAL
SCALERS, APEX LOCATORS, LIGHT-CURING
UNITS, AND OTHER COMMON DENTAL
INSTRUMENTS

Recent investigations into potential EMI generated from
piezoelectric devices have demonstrated no interactions
with implantable cardioverter-defibrillators.19 Older stud-
ies and position papers suggest that electrosurgical units,
ultrasonic bath cleaners, and magnetorestrictive ultra-
sonic scalers may interfere with pacer units up to a
distance of 37.5 cm.20 However, there are no reports of
pacer oversensing or unintended shock delivery. Recent-
ly, further investigations have found that electric motors
found in dental handpieces, light-curing units (both
battery powered and corded), endodontic heat carriers,
apex locators, and electrosurgical units all generate some
degree of EMI, yet only the electrosurgery units produce
electromagnetic disturbances that may possibly adversely
affect the function of ICDs by delivering an unintentional
shock.21

Recommendation: Common dental devices and equip-
ment, except electrosurgery, produce minimal EMI in
dental practice. Exercise care and keep potential sources
of EMI as far away from CIED as possible.

Figure 4. Typical 90-gauss ‘‘doughnut’’ magnet.
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LASER SURGERY

As of this writing, no direct studies of dental lasers and
their effects upon CIEDs exist. However, in a brief report
published in 2013, investigators studied the electronic
and magnetic field strengths surrounding various medical
therapeutic laser systems, as an intense pulsed light
system for EMI could possibly affect CIEDs. CO2 lasers
and ruby lasers may have magnetic field strengths that
exceed published exposure limits of Medtronic and St
Jude CIEDs.22 Intense pulsed-light devices, often used in
cosmetic dermatologic and epilation procedures, pro-
duce electromagnetic discharge too brief to be measured
accurately in this study. Nevertheless, the units them-
selves have a small potential of producing EMI that is
detectable, and the authors advocate keeping power-
generating units and the laser/intense pulsed light as far
away from the CIED as possible as a precautionary
measure.
Similarly, in an investigation into ophthalmic lasers

and their effects upon CIEDs, both excimer and
neodymium-doped yttrium aluminum garnet lasers did
not induce oversensing or inappropriate shock therapy
in patients with CIED.23

Recommendation: Therapeutic lasers and intense
pulsed-light devices generate little EMI to affect CIED
function. Exercise care and keep potential sources of
EMI as far away from CIED as possible.

RADIATION

Numerous studies have been conducted into radiation
exposure and CIEDs. Most of these studies have
investigated the use of therapeutic ionizing radiation
therapy in oncologic therapy rather than diagnostic
imaging used in contemporary dental practice. Reports
of CIED failures are as high as 2.5% for patients with
pacemakers and 6.8% for patients with ICDs when
exposed to radiation therapy. Contemporary CIEDs are
constructed with complementary metal dioxide semicon-
ductor technology that is much more sensitive to the
effects of ionizing radiation than older bipolar transistor-
ized devices. Ionizing radiation exposure of 10 Gy can
damage the random access memory of CIEDs used in
programming and interrogation.24

Salerno et al24 recommend that, in general, ionizing
radiation photonic energy be kept below 6 mV, and that
therapeutic radiation to the head and neck region not
exceed 2–10 Gy. In another study, 69 patients were
studied for evidence of CIED interference or malfunction
during radiation therapy. Of this study population, 58%
received ionizing radiation less than 10 cm away from
the device at varying levels of intensity and duration. No

patient experienced adverse effects of CIED malfunction
due to radiation therapy.25

However, in a robust 4-year study with a cohort of
34,706 patients, various interventions were required or
performed for patients undergoing radiation therapy.
Interventions included device reprogramming, relocation
of the CIED out of radiation fields, magnet application,
and device interrogation for a multitude of radiation
therapy procedures. Device malfunction and failure was
a rare event, and the investigation underscored a
multidisciplinary approach to such patients prior to
initiating radiation therapy.26

In regards to typical dental diagnostic radiographs,
practitioners are also urged to consult with CIED teams
for any directives and precautions with patients present-
ing with CIEDs. Dental radiographs, and digital dental
radiography specifically, produce orders of magnitude
less exposure to ionizing radiation than that seen in
oncologic radiation therapy. For instance, comparing a
typical orthodontic lateral cephalogram and cone-beam
computed tomography lateral cephalogram to typical
head and neck therapeutic radiation exposures, we find
the dose to be extremely small. A traditional lateral
cephalogram image exposes patients to 124.54 micro-
sieverts, whereas head and neck ionizing radiation
typically exposes patients to 6–10 Gy.27 To quantify
this comparison, the amount of grays a patient is subject
to from a lateral cephalogram would be 0.0001245 Gy.
Nevertheless, typical shielding and radiation safeguards
should be employed during the treatment of a patient
equipped with CIED, including protective lead covering,
thyroid protection, and minimal dose needed to obtain
adequate imaging.

Of the relatively few imaging and diagnostic precau-
tions related to CIED, magnetic resonance imaging (MRI)
is contraindicated in patients with non–MRI-compatible
CIED. High-rate pacing has been triggered by MRI field
exposure that has led to fatalities.11

Recommendation: Common dental imaging studies
using conventional and digital radiography contribute
little to CIED interference. Traditional lead shielding and
universal precautions further promote shielding of CIED
from radiation exposure. MRI is contraindicated in
patients with noncompatible CIED.

ANESTHESIA AND ADJUNCTIVE MEDICATIONS

Of particular concern to the clinician would be the use of
sympathomimetic drugs and anesthetic agents common-
ly employed in office-based practice. Along with close
consultation with the CIED team in terms of outlining
anesthetic course and specific anesthetic or adjunctive
agents to be administered, practitioners must judiciously
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consider the underlying cardiac condition of the patient
in regards to tachycardia, tachyarrhythmias, bradycardia,
and conductance stability.

Local anesthetics used in dentistry often contain
varying amounts of epinephrine (0.005–0.02 mg/mL)
that can promote tachyarrhythmias and initiate ICD
events, particularly with higher doses or inadvertent
intravascular administration. Myocardial ischemia, which
is present in many patients with CIEDs, coupled with
large doses of local anesthetics, which may interfere with
cardiac electrophysiology, can increase electrophysio-
logic capture thresholds and increase the impedance
(effective resistance) of CIED leads as well.28 General
guidelines on anesthetic technique advise avoiding
hyperventilation with resultant hypokalemia, acid-base
balance shifts, intravascular volume overloading, and
large volume blood transfusions.29

Adjunctive medications that have direct and indirect
effects on cardiac function should be administered with
caution to prevent precipitating CIED events perioper-
atively. Anticholinergics, beta blockers, and other
vasoactive medications demand close attention to CIED
response and may preclude treatment in an office-based
or ambulatory setting.30

Additionally, vagal maneuvers and adjunctive medica-
tions used in anesthesia for reversal of neuromuscular
blockade can potentially trigger CIED activity. Carotid
sinus massage, Valsalva maneuvers, ocular tension, or
the administration of adenosine or edrophonium may
slow heart rate to trigger implanted pacemaker activity.
Diagnostically, vagal maneuvers and rate-slowing dugs
can be used to evaluate CIED function.31

Bispectral monitoring has not demonstrated EMI
interference with CIEDs, but the opposite conditions
have been observed. Early bispectral index monitors
without filtering capability would sense pacer and CIED
activity, which artificially raises the composite index of
bispectral analysis.32 Recent innovations in bispectral
monitoring offer filtering of the pacer signals.33

Recommendation: Thorough preoperative evaluation
and consultation must be considered for any patient with
CIED. Commonly used vasoactive medications may have
considerable effects upon the sensing and function of
CIED without prior modification to anesthetic tech-
niques. Consider treatment of patient in a hospital
setting or deferring treatment if the potential for cardiac
events or irregular CIED activity is anticipated.

OTHER SOURCES OF ELECTROMAGNETIC
INTERFERENCE

Emerging technologies will continue to proliferate in the
dental setting as well as in the consumer market and

should be closely scrutinized for possible EMI generation.
Commonly used magnetic dental burr holders, dental bib
clips, or other magnetically equipped devices in the
dental operatory should be kept at distances away from
CIEDs so as to not trigger asynchronous or nonsensing
modes in CIEDs.

Increasing use of tablet devices for electronic medical
record keeping or patient education has also come under
scrutiny when these devices are placed near CIEDs. The
commonly used iPad 2 wireless tablet device has been
demonstrated to trigger magnetic modes in CIEDs when
placed directly over the left pectoral region.34 Moreover,
the tendency to use a supine or nearly supine dental
patient’s chest area for resting of instruments or
monitors should be discouraged.

Of particular concern to the dental profession is the
prevalence of modern dental chairs with magnets
embedded into the cushioning and headrests. Because
of the proximity of CIED-implanted patients while seated
in the dental chair, clinicians must consider removing
headrests or cushioning as possible sources of EMI—
especially when magnetic field strength exceeds 10
gauss (1 milliTesla). Seating the patient in another chair
not equipped with magnets is, of course, another
option.35

Recommendation: Electronic devices and devices with
magnetic fields all have the potential for producing EMI.
Specific equipment and environments may require close
consultation with CIED teams to determine relative risk
of using unstudied devices. Avoid, if possible, extraneous
use of devices and equipment with patients equipped
with CIED. Avoid placing devices and equipment in close
proximity to CIED.36

RESUSCITATION

In the event of inadequate pacer or ICD function, chest
compressions and external defibrillation should be
attempted in the event of a patient suffering from
cardiac arrest. Rescuers performing chest compressions
have reported experiencing very low-grade electrical
shock while delivering chest compressions at the
recommended rate and depth, but the shocks were not
significant to cause interruption in compressions.

Failures of CIEDs in an office-based dental setting as
well as in hospital operating rooms are, fortunately, rare.
However, in the event of low perfusion states or cardiac
arrest, advanced cardiac life support protocols must be
initiated in standard fashion. Anticholinergics, such as
atropine; catecholamines, such as epinephrine; and
antiarrhythmics, such as amiodarone, remain viable
resuscitative drugs in the event of failure of device failure
or insufficiency. Cardioversion and transcutaneous pac-
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ing also can be utilized as per current algorithms.37

Again, it should be reiterated that patients with
significant risks for developing arrhythmias despite CIED
implantation may not be suitable candidates for office-
based dental/oral and anesthesia.
Recommendation: Close consultation with the CIED

team will provide the practitioner with resuscitation or
complication directives. Although asynchronous or non-
sensing modes can be activated with magnet application
to the CIED, primary emphasis is placed upon preven-
tion, recognition, and close monitoring of the patient.
Should the patient become hemodynamically unstable,
or if aberrations in rhythm or CIED function are
detected, EMS should be summoned in office-based
and ambulatory surgical settings while resuscitative
measures are initiated. It is recommended that cardiac
monitoring be employed throughout the procedure into
the postoperative course, and that external defibrillation
and cardioversion equipment be immediately available.

CONCLUSIONS

As more and more patients are living with CIEDs, it is
imperative that the dentist be aware of the many issues
that these patients and their devices present to them.
There are many devices in the dental office that at least
theoretically could interfere with these devices. Likewise,
common medications used in dental/oral surgery as well
as sedation and general anesthesia-related drugs may
interfere with these devices. Consultation with the
cardiology team is important for virtually all of these
patients prior to dental treatment.
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CONTINUING EDUCATION QUESTIONS

This continuing education (CE) program is designed for dentists who desire to advance their understanding of pain and
anxiety control in clinical practice. After reading the designated article, the participant should be able to evaluate and
utilize the information appropriately in providing patient care.

The American Dental Society of Anesthesiology (ADSA) is accredited by the American Dental Association and
Academy of General Dentistry to sponsor CE for dentists and will award CE credit for each article completed. You must
answer 3 of the 4 questions correctly to receive credit. Articles are eligible for CE credit for one year following the date
of publication.

Submit your answers online at www.adsahome.org. Click on ‘‘On Demand CE.’’

CE questions must be completed within three months and prior to the next issue.

1. Application of a magnet over an implanted pace-
maker will

A. Cause the device to defibrillate automatically
B. Begin to recharge the lithium-ion battery source
C. Erase any and all device programming
D. Deactivate pacemaker sensing and activate asyn-

chronous operation

2. Which of the following cardiac conditions are treated
by implanted cardioverter-defibrillators?

A. Hemodynamically unstable ventricular
tachycardias

B. Hemodynamically stable ventricular tachycardias
C. Asymptomatic bradycardias
D. ‘‘Innocent’’ heart murmurs

3. Dispersal electrode pads, or ‘‘grounding pads,’’ used
in electrosurgery and electrocautery should be placed

A. Directly over the site of the cardiovascular
implantable electronic device (CIED)

B. Under the patient’s left shoulder
C. Directly under the site of the CIED
D. Under the patient’s right shoulder

4. Which of the following has the highest potential to
trigger CIED activity?

A. Intraoral digital radiographs
B. Neodymium-doped yttrium aluminum garnet laser

treatment
C. Carotid massage (vagal maneuver)
D. Bispectral monitoring
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